A multicenter preclinical evaluation was conducted to evaluate the performance of two Cepheid Xpert assays for detection of methicillin-resistant Staphylococcus aureus (MRSA) and S. aureus. Sensitivity was 97.1% and 98.3% for MRSA in wound and blood culture specimens, respectively. Sensitivity was 100% for S. aureus from both specimen types.
A multicenter preclinical evaluation was conducted to evaluate the performance of two Cepheid Xpert assays for detection of methicillin-resistant Staphylococcus aureus (MRSA) and S. aureus. Sensitivity was 97.1% and 98.3% for MRSA in wound and blood culture specimens, respectively. Sensitivity was 100% for S. aureus from both specimen types.
Staphylococcus aureus causes systemic infections (7, 10 ) and a range of skin and soft-tissue infections (SSTIs), such as surgical site infections, abscesses, carbuncles, and boils (8, 14) . Mortalities of 33% and 16% are reported for methicillin-resistant Staphylococcus aureus (MRSA) and S. aureus bacteremia, respectively (15, 16) .
Laboratory methods for detecting MRSA and S. aureus from wounds or blood cultures require incubation time and do not support rapid decisions for selection of the most appropriate procedural or therapeutic interventions. To address this limitation, two Cepheid Xpert MRSA/SA assays, used with the GeneXpert Dx system, were evaluated. The MRSA/SA SSTI assay is performed on wound swabs from SSTIs, and the MRSA/SA blood culture (BC) assay is performed on BC medium. A total of 114 wound specimens and 406 BC bottles were tested from study sites in the United States and Europe in order to characterize the performance of these assays in a clinical setting.
The study design was a preclinical comparison of Xpert MRSA/SA assays to the gold standard, broth-enriched culture methods. Subjects included individuals in hospitals and clinics whose routine care called for a wound or blood culture. Remnant specimens, from patients over the age of 18 years, were used in accordance with federal policy governing human subject protection and federal medical privacy standards (5) .
Wound specimen swabs, collected on Copan Liquid Stuarts, Cepheid part no. 900-0370, and newly positive BC broths with Gram stains consistent with gram-positive cocci in clusters were tested. Broths from each of the following continuously monitoring BC instruments were included: Bactec Peds Plus/F medium (n ϭ 27), Plus Aerobic/F medium (n ϭ 166), Plus Anaerobic/F medium (n ϭ 126), Standard/10 Aerobic/F medium (n ϭ 18), Lytic/10 Anaerobic/F culture vials (n ϭ 26), VersaTREK Redox 1 aerobic (n ϭ 21), and Redox 2 anaerobic (n ϭ 22).
Xpert MRSA/SA SSTI and BC assay testing was conducted according to the manufacturer's instructions for preclinical and subsequent FDA-approved versions of the assays. Samples were placed in elution buffer, vortexed for 10 s, and then transferred into Xpert MRSA/SA cartridges (Xpert MRSA package insert, 300-5188, revision C, 2007). The MRSA/SA assays, used on the GeneXpert system, automate sample purification, nucleic acid amplification, and target sequence detection. The primers and probes in the Xpert MRSA/SA assays detect sequences within the staphylococcal protein A (spa) gene, the gene for methicillin resistance (mecA), and the staphylococcal cassette chromosome (SCCmec) inserted into the S. aureus chromosomal attB insertion site (12, 13) . The assays are the first commercial methods to simultaneously detect the mecA gene along with the attB insertion site. Inclusion of both the attB insertion site and the mecA gene targets enables the assays to identify the presence of SCCmec cassette variants with mecA gene deletions, thus reducing falsepositive results which occur in molecular tests that target only the SCCmec cassette (6, 9) . External calibrated controls consisted of MRSA SCCmec types I to V with CFU ranging from 4.3 ϫ 10 3 to 13.3 ϫ 10 3 . Wound specimens (n ϭ 114) and BC broths growing gram-positive cocci (n ϭ 406) were collected and tested within 24 h at six healthcare sites in the United States and Europe. Wound specimens, analyzed upon receipt, and newly positive BC specimens, analyzed upon completion of Gram staining, generated PCR results within 1 hour.
All wound specimen swabs, routed at refrigerated temperature to one central laboratory (University of Arizona) for broth enrichment, were incubated overnight in 1.5 ml of tryptic soy broth with 6.5% NaCl, prior to subculture of 10 l on BBL CHROMagar MRSA and CHROMagar SA (BD Diagnostics, Sparks, MD). Presumptive positive colonies were subcultured to tryptic soy agar with 5% sheep red blood cells and incubated aerobically at 35°C for up to 48 h. Confirmation of S. aureus was performed using a catalase test, a tube coagulase test, and Gram staining. Methicillin resistance was confirmed by the 30-g disk diffusion method, as described in CLSI guidelines (17) , as the historical gold standard method. Technologists performing both the routine culture and reference broth-enriched culture were blinded to the PCR results. Quality control was performed according to the manufacturer's instructions (Xpert MRSA package insert).
The analytical sensitivity and inclusivity of the Xpert MRSA/SA SSTI and BC assays were determined prior to preclinical testing, by adding known bacterial CFU to the assay's elution buffer. The analytical sensitivity (limit of detection [LoD] ) was defined as the lowest number of CFU per sample that could be reproducibly distinguished from negative samples with 95% confidence. The LoD was determined by evaluating 20 replicates of dilution series of MRSA and S. aureus. The inclusivity was determined using 25 strains from a collection of USA100 through USA1200.
The LoD for S. aureus was 48 CFU/test (95% confidence interval, 42.4 to 57.2), and for MRSA, it was 109.4 CFU/test (95% confidence interval, 98.8 to 128.2). In the inclusivity studies, all MRSA strains were correctly identified as MRSA positive and S. aureus positive; each S. aureus strain was correctly identified as MRSA negative and S. aureus positive. Among U.S. strain types, positive results were documented for bacterial densities ranging from 43 to 417 CFU/assay.
For wounds, the culture-confirmed prevalence of MRSA and S. aureus in the study population was 30.0% and 18.2%, respectively, for a combined S. aureus prevalence of 48.2%. Of note, predictive values may vary in populations where prevalence varies. Under the prevalence conditions described here, the assay's performance characteristics are described in Table  1 . During preclinical testing of quality control results, Xpert MRSA/SA, including the sample processing controls, performed as expected. No statistical difference in performance was noted among study sites, as determined by chi-square analysis; therefore, performance data were pooled for the final analysis. The MRSA/SA SSTI assay for MRSA detection performed with a sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 97.1%, 96.2%, 91.9%, and 98.7%, respectively. For S. aureus detection, the sensitivity, specificity, PPV, and NPV were 100%, 96.6%, 96.5%, and 100%, respectively. Overall agreement between the MRSA/SA assay and the culture standard was 96.5% and 98.2% for MRSA and S. aureus, respectively.
False-positive PCR results are known to occur in assays that measure the MRSA SCCmec signal alone (6, 8, 9) . Testing for a combination of the spa, mec, and SCCmec targets allows for assessment of potential false-positive samples due to SCCmec variants, by examination of the assay's cycle threshold (C T ) values. In this sample set, three wound specimens exhibited PCR-positive/culture-negative results, which were noted and investigated. For two of the potential false-positive cultures, S. aureus was cultivated; the remaining culture was negative for S. aureus. All three samples exhibited mecA C T signals that were essentially equivalent (within the expected experimental error) to the C T values for the SCCmec target; this situation is not indicative of an S. aureus empty cassette variant (methicillinresistant-methicillin-susceptible S. aureus [MSSA] ), in which the SCCmec signal would be expected to be different than that of the mecA signal because of the dropout in the mecA gene region.
While there is a noted oversampling of Bactec Plus Aerobic/F medium and Plus Anaerobic/F medium in the MRSA-S. aureus BC assay comparison, no statistical performance difference for sensitivity and specificity was observed between bottle types or testing sites for MRSA or MSSA, as determined by chi-square analysis; therefore, results were pooled for the final statistical analysis. For BCs, culture-confirmed prevalences of MRSA and S. aureus in the study population were 14.0% and 16.0%, respectively, for a combined S. aureus prevalence of 30%.
As depicted in Table 1 , the MRSA/SA assay for MRSA detection from blood cultures performed with a sensitivity, specificity, PPV, and NPV of 98.3%, 99.4%, 96.6%, and 99.7%, respectively. For S. aureus detection, the sensitivity, specificity, PPV, and NPV were 100%, 98.6%, 96.7% and 100%, respectively.
In the first multicenter preclinical evaluation of the Xpert MRSA/SA SSTI and BC assays, performance characteristics were determined at study sites in the United States and Europe. We found that, across all sites, the MRSA/SA assays provided rapid, sensitive, and accurate identification of MRSA and S. aureus from wound specimen swabs and positive BCs. Sensitivity was 97.1% and 98.3% for MRSA in wound and blood cultures, respectively; sensitivity was 100% for S. aureus from both wound and blood cultures.
In addition, the Xpert assays have a high specificity due to the presence of three assay targets that limit the potential for false-positive results due to SCCmec variants with missing or incomplete mecA genes, which have been described with other commercial assays that do not target the mecA gene (6, 8, 9) . In the MRSA/SA assays, all three signals (spa, mecA, and SCCmec) must be present in order for the assays to yield a positive result for MRSA (Xpert MRSA package insert).
While none of the isolates in this study were shown to be "false-positive" due to the "empty cassette" phenomenon (methicillin-resistant-MSSA), there is one scenario in which the Xpert assays will generate a false-positive MRSA result: that is, when testing a mixed infection containing both a methicillin-resistant coagulase-negative staphylococcus species (MRCoNS), which provides the mecA target, and an SCCmec empty cassette variant, which provides spa and SCCmec. Although no data exist from wound specimens, data from nasal specimens provide a reasonable measure of the potential for cocolonization to occur. The highest reported global prevalence of SCCmec variants is 74% (6), but the reported cocolonization of MRCoNS and MSSA in nasal specimens is low (3.4%) (3); therefore, the current theoretical calculated risk of SCCmec variants and cocolonization with MRCoNS would be 2.5% of S. aureus strains. In the United States, the current predictions would be much lower; one U.S. report described a population in which an SCCmec variant was detected in 12% of all S. aureus strains (4); another U.S. report of potential SCCmec variants is lower, 6% of S. aureus strains and 1% of all samples (18) . In the United States the predicted risk for false positives caused by cocolonization would be Ͻ0.4% of S. aureus strains. Examination of the C T values, as described in our results, would allow the operator to discern a mixed bacterial population unless the sample contained both an SCCmec variant and an MRCoNS, in equivalent bacterial densities; this situation is very unlikely to occur. The assay PPV for SSTI is 91.9%, as expected when PCRpositive/culture-negative results occur. Reasons for this phenomenon vary and may include the presence of nonviable organisms; a positive test result does not necessarily indicate the presence of viable organisms (4) . In this study patients were screened in order to exclude those who had received antibiotics in the previous 3 weeks; however, errors in selfreporting are possible. Another common reason for low PPV is poor sensitivity of the gold standard culture method as the arbitrator for discrepant results, which is likely to play a role here, as previously described for other MRSA PCR methods. Chapin and Dickenson (4) reported arbitrative broth enrichment to be less sensitive than arbitration by another PCR method. In their report, individual spa and mecA PCR proved to be a more sensitive method to confirm PCR-positive/culture-negative samples; only 23 of 32 were identified by broth enrichment, and therefore, 28.1% of spa/mec PCR-positive samples were not detected by broth enrichment (4). Lastly, while the CLSI methods for 30-g cefoxitin disk screening are noted for high accuracy, the method is not infallible; rare false-negative results have been reported elsewhere (20) and, if present, would lower the PCR PPV.
NPVs are very high, 98.7 and 99.7% for MRSA from wounds and blood cultures, respectively. With such a low number of false-negative samples, the most likely explanation is sampling variability for samples containing low bacterial densities, because spa, mecA, and SCCmec C T signals were not detected and sample processing controls performed as expected for these culture-positive/PCR-negative samples.
The Xpert assays can provide rapid results to identify MRSA and S. aureus from wound specimens so that appropriate action related to drainage or therapy may be rapidly instituted. Furthermore, since studies have shown that rapid and targeted antimicrobial therapy can substantially reduce morbidity and mortality for bloodstream infections (1, 2, 11,   19 ), the Xpert assays, shown here to provide rapid detection and differentiation of MRSA and S. aureus from BC bottles, would support rapid administration of the most appropriate antibiotic for infections caused by S. aureus. We conclude that the Xpert MRSA/SA assays provide a useful tool for rapid intervention or targeted antimicrobial therapy for MRSA and S. aureus from wound swabs and positive BC specimens.
